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PROCESS  -  PLATING  -  CRACK-FREE  CHROMIUM.  CJ-500. 
PHYSICAL  AND  CHEMICAL  PROPERTIES.  EVALUATION  OF 


PURPOSE! 

Conventional  chromium  electroplates  as  applied  to  meet  Sped- 
flcatlon  QQ-C-320  has  no  salt  spray  test  requirements.  This 
Is  because  conventional  chromium  plate >  sometimes  called 
engineering  chromium  or  Industrial  hard  chromium  cohtalns. 
microcracks.  These  microcracks  allow  corrosive  media  to 
penetrate  the  plating  to  basis  metal  causing  corrosion. 

Because  thA  electroplate  and  basis  metal  are  dissimilar  metals 
the  steel  basis  metal  used'  In  most  aplpllcatlons  beobmes  anodic 
with  an  Increased  corrosion  rate. 

Crack-free  500  (Cl‘-500)  chromlxim  Is  a,  new  development  by  Metal 
and  Thermit  Corporation  reported  to  contain  certain  stress 
relief  additives  which  allows  chromium  to  be  eleotrodeposlted 
In  a  crack  free  condition.  The  CF-500  Is  also  reported  to  be 
softer^  more  ductile  and  more  adlierent.  Hie  purpose  of  this 
test  is  to  determine  the  properties  of  CF-500  chroml\un. 

SUMMARY  I 


Crack-free '500  chromium  and  conventional  chromium  plated  ^1130 
and  Thermold  A  steel#  a  H-11  typo  stcpl  similar  to  Vasco  Jet  lOOp, 
test  s'peolmens  were  plated  and  compared  In  various  tests.  The 
toots  were  (1)  crack  detection,  (2)  visual  observations,  (3) 
adhesion,  (4)  hardness,  (5)  salt  spray  accelerated  corrosion 
tests,  (p)MSUstalned  load  ptBtn  and  (7)  effects  of  'farlous  baku- 
out  oonj^.tlons  on  hydrogen  content  ln,j  plated  Thermold  A  a  tool. 

1 

The  two  types  of  chromium  were  comparable  In  appoarance  and 
adheslop  but  CF-500  chromium  was  slightly  harder  and  consider¬ 
ably  more  corrosion  resistant  In  saltj spray  tests.  It  was 
also  depenilned  that  Increasing  the  hydrogen  relief  bake-out 
eondltipos  produced  adequate  sustalneil  load  strength  of  CF-500 
ohromltmi  plated  high  heat  treat  steel*  Hydrogen  analysis  test 
results  on  specimens  with  one  or  more  > unplated  edges  shov;cd  the 
hydrogen  content  was  reduced  by  Increasing  the  bake -out  time 
and  temperature.  Adequate  hydrogen  embrittlement  relief  v/as 
obtained  by  baking  at  500OF  for  23  hours* 
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PHYSICAL  AND  CHEMICAL  PROPERTIES.  EVALUATION  OP 


OBJECT! 

It  To  investigate  the  chemical  and  physical  properties 
or  CF-500  chromium  electroplates  as  oomparad  with 
ooijiventlonal  chromium  electroplates.  it 

I 

2.  ^ To  Investigate  the  extent  of  hydrogen  erebrlttle- 
^ment  occurring  and.  methods  of  hydrogen  relief  for 
chromium  plated  high  heat  treat  steel, 

SPECIMENS.  MATERIALS  AND  EqUIPMENTi 


Speclindns 


Item 


A.  2  pieces  of  4130 
Steel  .040*'  x  1" 

X  5" 

B.  2  pieces  of  4130 
steel  .040"  x  1? 

*  •  X  5”  I 

Cl  6  pieces  of  4130 
•teil  .040"  X  1" 

Di  2  pieces  of  4130 
steel  .040"  x  1" 

*  5”^ 

M 

Et  2d  pieces  of  4130 
steel  1 040"  x  1* 

X  5** 

F«  2  pieces  Thermold 
A  steel  I 055"  x 

1«  X  8" 


"  Use  Source _ 

basis  metal  for  Bethlehem  Steel  Co. 

crac)c  detectltn  Bethlehem^  Pa, 
test 

.  basis  met{\l  for  Bethlehem  Steel  Co, 

,  visual  obi^erva-  Bethlehem,  Pa. 

,  tlon  , 


basis  metal  for  •^Bethlehem  Steel  Co, 
bend  adhesion  Bethlehem,  Pa. 


basis  metal  for 

hardness  test 


Bethlehem  Steel  Co. 
Bethlehem,  Pa. 


basis  metal  for  Bethlehem  Steel  Co. 
salt  spray  tects  Bethlehem,  Pa. 


basis  metal  for  Universal-Cyolopo  Stool 
Btandard  tensile  Company 
specimen  ,  Titusville  and 

,  Bridge ville I  Pa. 
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y 

A 


Item 

Use.cje 

Eoure’e 

P* 

Research  Metallo- 
graph 

examination  of 
speoimens  for 
microcraoks 

^usohe  &  Lomb  Co., 
Rochester,  N.  Y, 

a. 

) 

60,000  pound 

Baldwin  univer¬ 
sal  test  machine 
with  nkoro former 
extenspmeter  and 
MA^l  qtress  strain 
redord.ar 

tensile  tests 

Baldwin  Lima  Hamilton 
Company 

Kaltham,  Mass. 

K. 

12,000  pound 

Arcweld  creep- 
rupture  machine 

sustained  load 
teats 

Arcweld  Mfg,  Company 
Grove  City,  Pa. 

I. 

375-1000*F  draft 
oven  ' 

application  of 
various  bake -out 
epnditions  ; 

Blue  M.  Eleotrlo  Co. 
Blue  Island,  Ill. 

J, 

vacuum  hydrogen 
determinator 

' 

a|alyola  of  speci¬ 
mens  for  hydrogen 
content 

National  Research  Corp. 
Newton  Highland  6l, 
Mass.  . 

1 

K. 

cut-off  saw 
*  •  1 

cutting  specimens 
after  sustained 
load  tests 

V 

Precision  Solontiflo 
Company 

Chicago,  ill. 

PROCEDURES t 

It  Appllcatltm  procedures  fo|>  oonventlonal  chromium  and  Crack- 
free  5^  chromium  test  finiBhea  to  4130  and  Thermold  A  steel. 

All  basis  metal  specimens  were  wiped  with  oheesuoloth 
moistened  iwith  methyl  ethyl  ketone,  -They  were  thep  vapor 
degrcaied  in  trichloroethylene.,  SpecimenB  were  anodic 
cleaned  in  Oakite  190«  (6^os/gal),  160-160*F  at  6  volts  for 
3  minutes.  Thermold  A  eteel  specimens  were  made  the 
anode  flr^t  in  the  chromium  plating  solution  for  one  minute 
'  at  6  volt%  and  then  quickly  switched^ over  to  cathodic  arrange¬ 
ment  for  chromium  plate,  Speoimens  of  4130  steel  were  pickled 
InSnomal  hydrochloric  abid  at  room  temperature  for  approxi¬ 
mately  two  minutes  just  pyior  to  plating.  ’  ^  . 
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The  conventional  chromium  bath  used  was  made  up  of  53 
oz/gal.  chromic  acid  flake  and  0.53  oz/gal.  sulfuric  acid 
catalyst.  The  operating  temperature  was  130*F  i5*P 
while  the  plating  current  was  2  amps/square  Inch,  Crack- 
free  500  chromium  plating  was  performed  according  to 
vendor  Instructions  as  follows  1 

A,  The  concentration  of  CP-500  material  was  44  Oz/gal 
and  the  operating  temperature  was  150*P  T2*P< 

B,  Plating  current  density  was  2  amps/square  Inih, 

I  r 

C,  the  new  solution  was  dummied  with  copper  cathode  at 
6  volts  for  4  hours.' 

B.  Ordinary  chromium  plating  anodRs  of  tin-lead  alloy 
were  used  and  the  solution  was  contained  In  glass, 

II.  Teat 'Procedures 

'1  t 

A.  Visual  Inspection  ,  p  r 

During  preparation  of  specimens  for  salt  spr^y,  crack 
deteptlon^  ouotalnocjl  load^  hardness  eto.^  the  various 
'  specimens  wore  examined  for  pits«  blisters^  excessive 
edge  build-up  and  other  possible  Imperfeotlons.  , 

.  B,*> Adhesion 

’A  ^  ■ 

Specimens  were  bent  repeatedly  through  an  angle  of 
loO*F  on  a  diameter  equal  to  the  thickness  of  the 
8]^oimen  until  fracture  of  the  basis  metal.  The 
.fracture  area  was  tHen  examined  at  7X  magnification 
for  fvldenoe  of  poo>^  adhesion.  >  Any  peel  or  flaking 
from  the  basis  mstal  was  arbitrarily  considered  a. 
failure.  Plate  thickness  was  2  mils* 

f 

G,  Porosity 

f  *  I  ,  « 

Specimens  were  exposed  to  20^  dalt  spray  as  described 
In  Federal  Test  Kethpd  Standard  151«  Method  Qll,  until 
failure  or  completlqh  of  a  250^010*  test.  The  first 
appearance  of  rust  was  considered  a  failure.  > 

D,  llardness  ^ 

Hardness  tests  were  conducted  on  a  Wilson-Tukon 
t^rdness  tester  using  a  Knoop  indenter.  The  Jload  was 
AOO  grams  and  the  lens  w4i  .4«i0tirlth  a  faetor  ^of  .1662.> 
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«  The  teetB  were  conducted  on  a  3  mil  plating  applied 
to  4130  steel.  Specimens  wefe  sawed,  mounted  and 
tested  in  a  position  perpendicular  to  saw  direction 
BO  that  indenter  impinged  only  into  the  chromium. 

E*  Crack  Detection 

A  specimen  of  4130  steel  was  plated  with  conventional 
chromium  while  another  was  plated  with  Oraok-free-500 
chromium.  Both  were  plated  with  ,002”  thickness 
chromium.  The  specimens  were  then  examined  on  a 
'  meiallograph.  at  various  magnifications;  however >  a 
,  magnification  of  250  X  was  best  suited  for  icrack 
depectlon. 

.  .  -  "  " 

P,  Sustained  Load  reots 

In  order  to  arrive  at  a  ultimate  load  for  actual 
BUftalned  load  teats  standard  sheet  tensile  specimens, 
taken  in  the  longitudinal  direction,  were  fabricated 
,  aofordlng  to  drawing  FTJ-10940-8.  Standard  notched 
sheet  tensile  specimens,  also  taken  in  the  longitudi~ 
nal  direction,  wore  fabricated  as  shown  in  drawing 
FT jr-lO940-20,*  [After  fabrication  specimens  were  heat 
treated  as  followot 

r  I  ) 

l.v  Preheat  to  1450*P  -  hold  for  30  minutes  (argon 
atmosphere)  ,  r 

•  I  ^ 

*•  '  2.'  Heat  to  I850*p  -  hold  for  1  hour  (argoi}  atmosphere ) 


;3‘ 


Air  cool 

Double  temper  at  1025*F  for  2  hours  (argon  atmos¬ 
phere)  , 


Thf  tensile  tests  for  both  notched  and  unnqtched 
spBcimens  were,  conducted  in  a  60,000  pound  Baldwin 
universal  test  machine.  A  microformer  extqnsomater 
sni  a  MA-1  stress-strain  reoclrder  were  used  to  obtain 
the  yield  strength  by  the  0.!^  offset  method  on  the 
unnotohed  specimens.  Ninety  percent  of  the  average 
notched  tensil4  specimen  value  was  used  as  load  for 
•ustained  load^tes^ts. 

Specimens  for  sustained  load  Kara  additional  notched 
tensile  speoimins,  fabricated,^  heat  treated,  sanded, 
polished,  plated  and  baked  aa  shown  in  Table  IV. 
Sustained  load  tests  were  runr  on  an  Arcweld  12,000 
pound  creep-rupture  machine  uhtil  failure  6r  comple¬ 
tion  of  1000  hour  test. 

*Ssa  SupplsHsntsl  Shebt  S-1  ' 
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After  sustained  load  tests  the  notched  area  was 
removed  with  an  alundum  water  cooled  cut  off  saw. 

The  areas  removed  were  .055"  x  0.25"  x  0,25". 

Specimens  were  then  thoroughly  cleaned  In  acetone, 
dried  and  analyzed  In  the  vacuum  hydrogen  analyzer. 

A  few  additional  specimens  were  examined  on  the 
outer  edge  as  shown  In  Table  IV. 

0.  Hydrogen  pick-up  determinations  ♦ . 

Three  strips  approximately  6"  long  x  1/4"  wide  of 
'  .0f^5"  Thermold  A  material  were  sheared  out , of  sheet 
stock.  One  strip  was  used  as  unplated  control,  one 
'  strip  was  plated  with  .002"  conventional  chromium 
,  and  the  remaining, strip  was  plated  with  .002"  of 
Crack-free  500  chromium.  The  strips  were  Identified 
and  sheared  into  pieces  1/4"  x  1/4"  x  .040".  Speci¬ 
mens  were  baked  out  as  groups  at  various  conditions 
•of(  time  and  temperature  shown  In  Table  V,  j Hydrogen 
cointent  of  speclmans  after  various  treatments  was  deter¬ 
mined  on  a  N.R.O.  vacuum  hydrogen  determinator 
according  to  procedures  descpibad  In  FZM-lfjS, 
procedure  3.560.  \  .  j 

1  j  1  -  1 

RESULTS)  1 

Figure  1  la  a  photomiorogr|iph  at  250  magnification  of  Crack- 
free-500  chromium  and  conventional  chromium,  Table  I  pA’eoontD 
data  for  visual  observations^  adhesion  and  hardness  tests. 

Salt  bpray  test  data  are  shown  In  Table  II  while  Table  III  and 
IV  contain  results  of  tensile,  sustained  load  and  hydrogen 
content  of  sustained  load  pests.  Effects  of  various  bake-out 
conditions  on  hydrogen  content  are  shown  in  Table  V,. 

DISCUSSION)  ”  •' 

Upon  examination  of  Figure <1  It  is  evident  that  Crack-froe  500 
chromium  oatn  be  deposited  in  the  craefc-freo  state.  {.Table  I 
data  shows  .the  two  materials  to  be  cojnparable  except  In  hard¬ 
ness  with  (^ack-free  5O0  c|iromlum  being  somewhat  harder.  Salt 
■pray  teat, .data  from  Table  II  le  oonoluaive  that  Crack-free  500 
is  considerably  more  resistant  to  corrosion*  For  Instance 
•OO3"  conventional  chromium  failed  40  hours  salt  spray  while 
the  same  thiokness  Crack-ft’es  500  chromluia  passed  250  hours 
without  any  basis  steel  ooprosion,  T|[iii  is  also  further  proof 
that  the  Craok-free-500  Is.  oraok-free|. 

’  .  f 

*See  SQPPleweaiel  Shedt  S^2  ^ 
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Sustained  load  test  data  in  Table  IV  shows  first  that  375*? 
for  23  hours  bake-out  of  Crack-free-500  is  not  sufficient 
hydrogen  relief  since  all  specimens  failed  the  1000  hour 
test.  With  more  bake  out,  for  Instance  500*P  for  2  hours, 
adequate  sustained  load  strength  was  obtained.  Data  for 
conventional  chromium  sustained  load  tests  agrees  with 
published  data  which  indicates  375*?  Tor  23  hours  is  an 
adequate  bake-out  condition.  This  data  therefore  is  good 
control  data.  It  is  also  obvious,  generally  speaking,  that 
the  analyzed  hydrogen  content  is  less  at  more  elevated  con¬ 
ditions  of  temperature  and  time.  Some  difficulties  wqre 
encountered  in  the  hydrogen  determination  tests.  During 
cut-off  operations  with  the  alundum  wheel  visible  oxidation 
occurred  dn  the  specimens,  even  though  tljey  were  cut  urtder 
water.  For  this  reason  it  was  decided  to  conduct  additional 
tests  for  hydrogen  determinations  with  emphasis  on  eliminat¬ 
ing  the  cut-off  heating  problem.  Thin  strips  of  metal  were 
plated  and  small  specimens  were  then  sheared  off  for  various 
bake-out  conditions  and  subsequent  hydrogen  analysis.  By 
examining idatR  from  these  te^ts  reported  in  Table  V  it  is 
obvious  that  the  hydrogeijt  coi)itent  is  reduced  by  increasiug 
the  bake'qut  time  and  temperature. 

<  j  f  -  I:  i 

CONCLUSIONS  t  <  ;  1  ■, 

}  I  1  r 

The  chemioial  and  physical  properties,  hydrogen  embrittlement 
effects  ai}d  methods  of  hydrogen  embrittlement  relief  for 
Craok-frse<'30p  were  Invet^tigaited.  The  following  conclusions 
are  madti *  .  »  i  3 

1.  QF-500  chromium  is  qrack  free.j  i 

2,  Gf^-500  chromium  plated  steel  if  more  resistaijt  to 
corrosion  than  conventional  chsomium  plated  fteelt 

3,  QP-5P0  chromium  is  comparable  lo  conventionai  , 
chromium  in  appearance  and  adhqsion  but  is  slightly 
hardfr  than  conventional  chromium  plate.  t 

4.  i(dequate  hydrogen  embrittlement  relief  can  be 
obtained  from  CF-500  by  increasing  bake  out  time 
vi^nd  temperature  .to  SOOop  for  23  hours. 


i  1 


>  { 


< 


UtalTV  nK5«T  »M«r 


RWP  I072-I-54 


C  0  N  V  A  I  R 

A  DIVISIOM  OF  general  DYNAMICS  CORPORATION 

(FORT  WORTH) 


PAGE- 


1. 


REPORT  NO  T  ZZli- 

^  S' 8  R. 


MODEL 

DATE- 


f~/S‘jF^£:  I 


.COS' 


ZS-o;( 


/^/pc^-F^ee 


/ 


ZSTjA 


jT,.  •»  Sf-  “  !’  ■  ‘I  ■ 


D«partm*nt  6 
FWP  tr77-8-?< 


C  0  N  V  A  I  R 

A  DIVISION  or  OINEtAi  DYNAMIC!  COirOtATION  i 

(PORT  WQKTH) _ ^ _ 

■  /fsr  /^£-suL  rs 

JT.  y/su/fi. 


Fo'. CffOmmi 
srrv  _  ^ 


rA6E _ 

MrORT 


Safpr^t 


foMd,  Sl/dffr 


oorA/.  ,  ^/frT£. 

II  /If  M 


/?z>f/es^or<  "'(if  7Tt%r 


C/ 

F/9Si 


F/fSi 


/fT.  •"  T^r^A/  r^sreF  us^*/<r  /C^oot  //fbM7€F 


Co*(^SMTi^^i  CFfomwft! 

/5t, _ 


,  soo 


F?Yfi 


3S^, 

10  ■¥ 

341' 

M 

299  J* 

^70i- 

241 

7?o 

ur 

s93 

sSS 

toi 

6SM 

^47 

6ii 

7099 

70  i‘ 

m 

7  Of 

222 

70- 

to'  • 

70f 

217, 

7df 

m 

iUi 

^  ScFOC  ^^7€/rsiF7  FFom  fTFoof  2?/r^/pMfi7r/^/v 


>  ^ 

^  r* 


‘utiLOY  wrOit  iHllf 


0*p«rim«n<  ! 

rwp  t07a-i-$4 


C  0  N  V  A  I  R 

A  DIVISM^  or  OINIKAt  DYNAMICS  COITODATION 

(FORT  WORTH) 


£y^/=4fcr5^  o/^ 

^sr  ^sr^dt>  J^A'P^/T9  /f?€rMoh  ^// 


ryp^  OF 


C/y^OP^AO^ff 

S-5 


0  Fy^ftu^f  L£r/^€ii  /fS  nr c/c-^tnr 


/?ss(^n  OF  Sfit  S^Fof  7^n 

MCFSi 


f 

C,O0  0^  2S0  Mco^t  (/SArC4^y) 

'  H  * 


c.  oof 


O.ooZ 


am 


soa 


OtCof 


. 


fi.aa- 


3  oF^  FF/Cfi  /9r  /PFfCf^  ^4, 

72,  /Aft:  jiS9  poo^: 

\ 


2  oFC  FF/tOb  zi  FfiuKS^  SFO^eS  4-8  Miu^S  /}?■;• 

<MF  pr  94  f*tz:  ^ 

«  *  1 


3  o^  4>  FFfCFO  24  /A^Pi.  3 2htcei  ^8 /youic 

«  «  •  ✓  *  N 

>  «  <  5 


F^fitLFi  2/i  Mi^ijOfs  SAtCMie^ 

m  #•  X  f» 


3  OF  5  Fr  /C4  f/o«S 


^  oF  3  FOiseo2SOA4>ocs 


m  ^  eF£ 


UTIIIIY  «f6*T  fMlir 


FWP  107a-l-54 


C  0  N  V  A  I  R 

A  DIVISION  or  OfNtllAl  DYNAMICS  COtKMATION 

(rORT  WORTH) 


mroiiT  NO  FQT-273'«^ 


\M—  \  i 

Sr/fj^t/fifXi  '^■5tc£.  /ArcfJet  YsAs/CS  THr 

/t  Sreec. 


7yp£ 

Y/ec^ 

i/cTY4»Ar€. 

PtKCfHr 

Tl^r  ///(/fis  JjucMH 

Sa>  /'X4'fs 

Pe(M>»S 

,/r.s.A 

P9*4m.  ATS./. 

},  .<5r4T  ‘^^7 

.OllV 

S07b 

Zl/.?  . 

SP70  zsh,9 

U 

j.  »oS3d  ,  ^/Jo 

.  alL 

^66  C 

4/ At 

6*53  6  .^42s4 

6" 

/3vC(  1  _  • 

“  ' 

.as??  "44« 

,4^sv“" 

— 

* 

S?/^  "  2$A2 

— 

MfZ'/aa?l4U4:^0S{t/  .Air 

.6Zir~^ 

— 

.  — 

sv?0  ZAitZ 

* 

m 

t 

223  J 

I  i. 


4 

««  • 

t 


UTILITY  RirOlIT  SNIIT 


C  0  N  V  A  I  R 

A  DIVISION  or  OfNIIAL  DYNAMICS  COtfOIATION 
(FORT  WORTH) 


FAGE- 


13 


RiroM  NO.  FGT-g732. 

uonfL  B-58A 
oatsL  ,3-27-61 


TMLEJZ:  ^  , 

RESULTS  or  Ryj)M&£A/  3Usr^/A/ri>  Ao/yp  rrsrs  oaJ 

CtNVERTm'pyj  j^A/p  c/M6/y/u/^  PAmi^r/y£jeMo0"/y"ST£BL 


SAith 

M£*t 

^KK£‘0or  Co*it>h 
TtdtjkFKkPl^AVH^ 

//aurs  To 
RmOPB  /}r 
ZOO  KS!  SrJtssi 

fli/trs  A 
A/oaJ  R 

YJ>8j^6^ei^ 

TenP 

.V_ 

7?P£ 

/yooas 

/?r 

Rorcff 

At  Oora 

£t>66. 

/ 

NotJe. 

No^£ 

0 

36A 

— 

Pa//, AO  OAJ  Zoao/a/g- 

Z 

u 

M 

0 

3S,SL 

— 

M  M  ti 

3 

n 

II 

n 

Z8.,f 

— 

H  H  n 

H 

II 

If 

:  a 

l.OA. 

— 

11.  'll  It 

£ 

37f 

Z3 

0  . 

a9.A 

— 

§  n  II 

(» 

II  , 

II 

a 

33k0.- 

' — 

it  II  ■  II 

7 

>4  II  ( 

H 

_  0 

— 

A  II  It 

d 

>  H 

II 

ZTaA 

— 

Pa/AAO /OOO /TR.  TEST 

...9 

'  H  ' 

H 

0 

llStSi 

— 

PA/i^b  a/j  /ioao/aig- 

/6 

II 

II 

,  .Ct_ 

JZ9>% 

— 

t!  H  II 

-11^ 

^ACl. 

_i33_ 

^,633,3 

Passcp  /ooo  //£,  Tksr 

»  * 

H 

.-^.533,% 

y 

— 

>1  II  II  It 

'i  1  ' 

z 

^JZZ.  8^ 

H 

» 

— 

II  II  II  II 

II 

JJZt'l-^ 

— ' 

n  II  II  li 

-uSS.3L. 

/SS3,^-^ 

//'  II  II  II 

_ ((f 

ir 

H 

79.9 

1 

Sj£Ci^^6!JfiOJ!/fW.  rt.0N 

17 

'  II 

z 

— ' 

— 

Passco  /OOP  Ra,  TL'^t 

m 

II 

II 

1 

— 

II  /I  II  II 

/9— 

760 

zif 

f6oLA'^.^ 

II,  fi  II  a 

^0 

II 

if 

^8Z\Z 

SfCdHP/ AAt>  y/sfSAe  hm 

jooa 

— 

PAss£t>  /OOP  /7/c.  Tea  T 

lit 

H 

*— 

//€/J>  P/MY  /OJACMSS 

II 

II 

/OZ^.3'^ 

347.0 

. — • 

.  Rassao  /OOP  Ha,  Tcs  r 

II 

II 

.^ZZA 

II  ,  II  II  II 

<-*^11 

II 

.  /OSlyL'y^^^ 

^Z3:0^ 

•i]  It  II  n 

zc^ 

,  H 

ii 

fOA’^yZ'^ 

27,0 

— 

II  II  II  II 

..  .  Z7 

J/pAie 

^  0  ... 

30,0 

/^A/4i^JLJ>/J  J/0AP/A/<3- 

_ 7i8^ 

n'‘ 

,  n 

■■  6 

SC>S[ 

— 

n  ‘  II  II 

H 

II 

10  s 

II  fl  •! 

^3CL^ 

^  >9  * 

.  II 

— 

H  II  II 

SJ^ 

^/6AAL 

/WjT.S  — 

^33:/> 

-ij-s. 

jSs^^fii>jApo.^yY/^.jr/iST 

II 

II 

ZS.0 

II  H  II  II 

^JL. 

II 

n 

/OSP.I  -*► 

Z4.,0 

3/i.L 

/I  'll  II  II 

3¥ 

>1^ 

II 

.JS.  L 

PA//j€0  d/J  /jO/J 

. 

ff}. 

n 

- .  /oSo.O-^ 

3 /.S' 

PASS€0 yOOO  P'P.J/CC’  T 

3Ci 

ir 

II 

_ 70 ^A8 

.Z7.'0 

//  n  u  H 

.  31  _ 

Z3 

—  ,  ...  a 

— 

PA//.££>  d/J  /jfJAh/AJ& 

n 

.  jo/Kz-t 

.ZL,  p 

— 

PAAS£t>  /£)AO  y/p,  7c^  r 

-33 

“  /»- 

n 

♦ 

Sr£(i./M£/j  //osT 

1-  . 

v 

..../oon(3 

PASSA/i  /6AA  //p.  7T<  v 

_ {L_ 

H 

/.Z.7^,s.-^ 

^4tia- 

>— 

//  H  n  H 

-J12^ 

1 

H 

.J60,0 

It  n  "  H 

Proc£Ss 


‘  ^ 

I 

sl 

i 

"  ^ 


€ 


N 

O 


I 


WS>hlh\/jQT  Al 


1 


1 


FMWirm-irrrm 


UTIIHY 


shostshiit  ,ccit* 


^rrFK.  (Sk*eiy<€^ 

’  J  1  .  1  ' 


~^ftii//r 


0>^arlm«M  i 

rw  W7a-«-54 


C  0  N  V  A  I  R 


A  DIVIJlOK  or  OENERAl  DYNAMICS  COSPOtATION 

(rORT  WORTH) 


PAGE _ iii - 

«row  NO..,gQT-27.32. 

MODEL _ ■B.-58A 

DATE _ a.-27-6l  - 


30 

' 

■  l/^P/^/duS 

) 

'c-ooT  (^avD/r/ovs 

o^Z/yp^oi^e// 

Ca'vre/</r  of  /?/9  i , 

^^/Apoop  /?.  ^reaL 

Sr&»e^ 

1 

<54>r 

Pf9<rs 

MB 

1  - ^ 

5/fFB-OYT 

^,f(rtP»L 

CoAfwno// 

PS/.MOik 

ypiLtuft 

msm 

\WMSi 

mnijii 

dB%WL 

/ 

//cA/e 

Ji/tnL 

//7 

z/ 

(3e/K<^ 

: 

MovC- 

7/X 

2 

If 

ff 

/i9 

2X 

F^ec  eo* 

ft 

i> 

3 

H 

"  4,  - 

k 

^.3 : 

ji 

ft 

V 

•< 

ft 

ff 

cA.O 

4 

t» 

A 

ft 

k.9^ 

ZA 

ft 

/I 

7Z4* 

if 

U 

A 

i*  ‘ 

i9S 

zc 

ft 

ff 

u.z 

/S/t- 

H 

-  M 

ft 

r 

fi 

ff 

0?S 

4 

it 

n 

e.k 

Zi 

dF/pcd' 

/doo 

Z. 

33.6 

7 

■■ 

Z7 

fFec 

ff 

// 

30J 

? 

f3 

J8 

}rav 

/t 

tt 

3/4 

/ 

n 

Jh7 

zt 

ft 

ff 

tf 

294 

SiS, 

30 

M 

<; 

tt 

tt 

S0.7 

* 

)A.^( 

'Ay6.  . 

tt 

tt , 

3/.0 

Wk 

^<;v»c 

ft  ft 

MEW 

••  t  ■  j 

fs:/ 

'  T  ^ 

t/ 

ft 

Ci/foc- 

.23. 

/ze 

’li' 

Bi 

H-o  \ 

Fm 

ft 

ft 

f.i 

19 

B 

t-f 

55 

Stro 

n 

♦ 

ja! 

ff 

n 

54 

1 

f! 

'  ft 

i9 

// 

n 

H 

ir 

ft 

ft 

9i7 

jf 

n 

> 

‘ft 

ft 

/'>Z 

Ab' 

mm 

VSY 

23 

C  '  J 

4/ 

• 

ft 

4  4 

17 

. 

,fi 

/ 

/m 

■n 

‘if  ' 

•  a 

ft  • 

( 

' 

.0/  ' 

*  It 

12,.  0  \ 

t* 

ft 

1 

JO 

If  - 

M 

:  H 

w.i  . 

ft 

< 

Bm 

wtSm 

MMB 

ft 

ft 

» 

HD 

BI 

« 

• 

1 

H 

■ 

B 

t 

k 

f 

> 

UTILITY  lirOIT  JHIIT  '  i  0.p«rtmMi  ( 

*  two  ■  KM 


C  0  N  V  A  I  R 

A  DIVISION  Ot  OtMItAl  VTHAMICt  COWOlATtON 

(PORT  WORTH) 


H  r\ 


f 


'A**-  _____ 

UfOM  MO-  TOT-g/32 

uftixi  B»*^8a 

BATf  lb  January  IQb^ 


Hydrogen  Determination,  Reference  Page  7#  Paragraph  G 


Hydrogen  content  of  the  mrtol  waa  dftfunined  by  the  hot 
vacuum  extraction  method,  A  Rational  Reatareh  Corporation 
Vacuum  Determinator,  Model  917,  waa  uaed* 

Metal  aamplea  were  placed  in  a  nolybdenuai  crucible  and  heated 
by  an  induction  furnace.  At  elevated  tempera turea  the  aample 
releaaea  the  contained  hydrogen  which  ii  pumped  into  a  meaaured 
volume.  The  change  in  preosure  of  the  meaaured  vol^e  ia  indi¬ 
cated  ^  aiMOleod  gauge,  The  Jjydrogen  content  in  parta  per 
million  ia' calculated  ta  followa:  ^ 
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(Hg,  ppm) 
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(0.108I(.  Volune  ConatantUVolumeUPreaoure.Mlcrcmny 
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